ACONTINUING NEED exists for the refinement of technics that could obviate the need for cardiac catheterization in assessing the severity of congenital heart disease. For many years the phonocardiogram has been considered useful in this regard, particularly in the estimation of the degree of pulmonic stenosis. Following the studies by Leatham, 1 and Vogelpoel2 attention has been centered mainly around the duration of the murmur and the behavior of the second sound, while the significance of the ejection click and the timing of the peak amplitude of the murmur have been incompletely studied. Furthermore, none of these items has been subjected to a statistical analysis evaluating their reliability in estimating right ventricular pressure. In aortic stenosis no detailed studies are available relating auscultatory phenomena to specific hemodynamic features in the assessment of the severity of the lesion.
It is the purpose of this study to describe the correlation of the phonocardiogram with the peak ventricular pressure, as well as the calculated valve area in patients with pure semilunar stenosis and to evaluate the position of this tool in the diagnostic armamentarium presently available to the clinician. Medical Center for cardiac catheterization, in the period from April 1961 to June 1963. Of a total of 243, 50 records of patients with congenital valvular pulmonic stenosis and 30 of patients with valvular aortic stenosis were selected for analysis on the basis of technical quality and availability of hemodynamic data. They represented 80 per cent of all phonocardiograms in patients with aortic and pulmonic stenosis. The patients' ages ranged from 2 to 26 years.
Cardiac catheterization and angiocardiograms were available in all 80 cases and in 20 the diagnosis was further confirmed at operation. Right heart catheterizations were performed in ro.utine fa,shion, left heart studies were obtained by the retrograde arterial approach. Details of these methods have been described previously. 3 All phonocardiograms were obtained in a sound-proofed room on a Sanborn Polybeam, model 550 M, photographic recorder with preamplifiers model 350-1700 B, with selected limited frequency bands between 25 to 400 c.p.s. and corresponding slopes at 12 or 24 db./octave.
In this manner multiple records were obtained from the second right and left intercostal space, the fourth intercosital space, and the apex, during held expiration at a paper speed of 100 min. per second. An electrocardiographic: lead and indirect carotid pressure pulse recording were utilized for timing reference. The early systolic sound considered to be the "ejection click' was differentiated in patients with pulmonic stenosis from tricuspid valve closure by its prominence at the second left intercostal space, its high frequency components, and its increase in intensity during expiration. The ejection click in patients with aortic stenosis was distinguished from the first heart sound by its high frequency components and the absence of respiratory variation in its timing at the apex. Simultaneous recording over the aortic or pulmonic area and over the apex, or tricuspid area, with different filter ranges was extremely helpful in this regard. With the onset of the electrical depolarization (Q wave) as a constant point of reference, the time interval to the first component of the early systolic sound (Q-x 35 interval) was measured to the nearest 0.005 second. The interval between onset of ventricular contraction anid the timing of the maximum amplitude of the svstolic murmur (Q-peak amplituide interval) was determinied in a similar fashion. The configuration of the murmur and the timing of the peak magnitude were determined from recordings made xwith the 400 cp.s. filter at optimal magnitulde.
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The regression equation is RVPP = 1,289 sec.
-338, SEE -32 mm. HIg. In a simplified way this correlation can also be expressed by noting the end of the murmur in relation to the timing of A2. In each of the 13 patients with mild pulmonic stenosis and in 19 of the 21
wvith moderate pulmonic stenosis, the murmur terminated before A2 was recorded, whereas in 12 of the 16 with severe pulmonic stenosis, the murmur extended through the aortic second sound (figs. 2 and 4). A significant inverse relationship could also be calculated betwveen the logarithm of pulmonary valve area and the Q-peak amplitude interval (r -0.72, p < 0.001, fig. 8 values with an increase in splitting from 0.068 second in the mild to 0.115 second in the severe group. In contrast the A2-P2 interval in aortic stenosis was quite variable and no correlation with severity of the lesion could be found. No paradoxical splitting was observed in these 30 cases.
The relationship between the Q-x interval and dp/dt was found to be highly significant (r -0.90, p < 0.001, fig. 10 ). Significant correlation was also found between the Qpeak amplitude interval and the duration of the right ventricular ejection time (r = 0.59, p < 0.01, fig. 11 ). Figure 10 Composite diagram reflecting the relationship between the mtean value of the Q-peak amplittude and Q-x interval, and of the A2-P2interval to the right ventricular peak pressure. In patients with pressures lower than systemic the A2-P2 interval shows its greatest deviation from the ideal relationship, and in those with pressures in excess of systemic the Q-x interval shows the least reliability. RIGHT VENTRICULAR EJECTION TIME (corrected for heart rcte} Figure 1 1 Relationship between Q-x interval and rate of pressure development (dp/dt) in 17 selected patients with pu)lmonic stenosis of varying severity. fig. 12 ). It shows that in every case a reasonably accurate prediction of the right ventricular pressure may be made. It also indicates that the Q-x interval is a more reliable measurement, when the right ventricular pressure is less than systemic, than with higher pressures, while for the A2-P2 interval the reverse applies. In contrast, the Q-peak amplitude interval proved to be more accurate than either of these over the full range of pressures observed in this series. Except in patients with Figure 12
Plot of Q-peak anmplitude intterval veisu.s duration of right ventricular ejection rin 17 patients wtith pdulmonic stenosis (7 mild, 10 severe).
a suspected increased cardiac output, or in those in whom cardiac failure exist, these determinations appear to obviate the need for cardiac catlheterization in patients with valvular pulmonic stenosis or at least serve as a screening device for physiologic studies, eliminating those with trivial disease. In contrast, no such conclusion can be derived from observations on patients with aortic stenosis, nor do they apply to patients with pulmonic stenosis of infundibular nature or when associated lesions are suspected. Since these data show that the timing of the click corresponds to the severity of right ventricular hypertension, it appeared of intere--st to investigate the mechanism responsible.
Gleason and Braunwald7 in stutdies of the first derivative of the ventricular press-ure pulse. in semilunar stenosis, showe.d that the rate of ventricular pressuire development (dp/dt) increased with the severity of the obstruiction. These findings are in agreement with those of Sarnoff and Mitchell,; who found an increased rate of development of tension when pressure wvas experimentally elevated. Since pulmonary vascular resistance in our patients was uniformly low and therefore affected the timing of valve opening but little, it seems likely that the increased rate of change in the ventricular pressure (dp/dt) is the chief remaiiing variable related to the reduction in the Q-x interval. In pulinonic stenosis, therefore, tlhe timing of the click affords an indirect but highly sensitive measuiremenit of dp/dt. Data obtained in a selected grouip of patients in whom catheters of sufficient size were employed to gu.arantee accurate measuremeent bear out this conclusi.on (r -0.90, p < 0.001, fig. 10 In 50 patients with pulmonic stenosis the Q-ejection click interval showed a significant inverse relationship to peak pressure (r = -0.77, p <0.001), while no significant relationship existed in aortic stenosis (r = 0.40, p < 0.5). The timing of the peak magnitude of the murmur again related significantly to the right ventricular pressure (r = 0.72, p < 0.001) and with the log of pulmonary valve area (r = -0.72, p < 0.001). In contrast no significant relationships existed in aortic stenosis. The degree of splitting also reflected the severity of right ventricular hypertension (r -0.84, p < 0.001), while this measurement in aortic stenosis proved quite variable and did not reflect ventricular peak pressure. The significance of a combination of these criteria in predicting the severity of right ventricular hypertension and in obviating the need for cardiac catheterization is stressed.
An explanation for the mechanism underlying the observed changes is given. Q-ejection click interval in particular constitutes an indirect but sensitive way (r =-0.90, p < 0.001) of estimating the rate of pressure development (dp/dt) in the hypertrophied right ventricle.
The Biologic Effects of Unrestricted Food-Supply
It is well recognized that normally, and in a general way, the inclination for food is directly related to emptiness of the stomach rather t-han to the nutritional needs of the animal concerned. 
